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Abstract 
 
This study explored the collaboration of mathematically gifted children aged 11-12 years in 
solving complex novel problems by examining the student’s preferences for collaboration in 
relation to the difficulty of the task being undertaken.  Using a qualitative methodology we 
show that there is a relationship between the complexity of the task and the extent and type of 
collaborative interactions in which students engaged.  Collaboration was preferred only when 
the task was sufficiently challenging.  However, in the context where collaboration was 
encouraged and students took advantage of working with peers, there was the development of 
mutual scaffolding, shared cognition, critical thinking, and the ability to discern and monitor 
goal states for the problems.  The implications of this study for the education of mathematically 
gifted students are discussed. 
 
 
 
 
INTRODUCTION 
 
Gifted students require opportunities for high-level cognition.  They need to engage in tasks that are 
complex, and authentic to the domain of study.  In mathematics, tasks should afford opportunities 
for students to question, to inquire, and to participate in constructive dialogue in order to explain, 
clarify, and revise their mathematical ideas and problem constructions (e.g., Baroody & Coslick, 
1998; Bowers, Cobb, & McClain, 1999; Cobb & Yackel, 1996; Silver, 1996; Turner, Cox, DiCintio, 
Meyer, Logan, & Thomas, 1998).  As contemporary researchers have advocated that mathematics 
classrooms should be reconceptualised as “environments for collaborative mathematical thinking” 
(Cobb & Bowers, 1999), we need to understand better the dynamics of collaborative interactions, 
particularly for gifted students.  Homogeneous grouping, which should provide opportunities for 
collaboration, has long been advocated as an effective strategy to support gifted students’ learning 
(Benbow, 1998).   However, it has been acknowledged that insufficient is known about the nature of 
collaboration on complex tasks (Fuchs et al., 2000) and that menial tasks provide little incentive for 
students to collaborate (Blumenfeld, Marx, Soloway, & Krajcik, 1996).  Thus, there is a need to 
investigate the behavior and performance of gifted students collaborating with each other on 
challenging tasks.  
 
The purpose of this paper is to explore the relationship between the difficulty of mathematical 
problem-solving tasks and the extent and nature of student-initiated collaboration.  Specifically, we 
are interested in the preferred ways of working of gifted students presented with problems of 
varying complexity.  To provide a background to this study, we examine the nature of challenging 
tasks in mathematics and then explore the benefits of collaboration in learning.   
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BACKGROUND 
 
Gifted Students and Challenging Tasks 
Ideally, mathematical tasks should be sufficiently challenging to provide students with the 
opportunity to develop their abilities to explore, conjecture, and reason logically to solve novel 
(nonroutine) problems (Henningsen & Stein, 1997; National Council of Teachers of Mathematics, 
2000).  High level thinking and reasoning might involve students exploring patterns and 
relationships, and working abstractly to produce holistic and creative solutions (House, 1987).   
 
By engaging in challenging tasks students can also develop metacognition, which involves knowing 
how to exploit useful knowledge (Schoenfeld, 1985) and knowing when to discontinue with 
inappropriate or unproductive strategies (Taplin, 1995). Metacognition is important for success on 
challenging and novel tasks (Betts & Neihart, 1986), high achievement  (Schraw & Graham, 1997) 
and is of particular value for future mathematicians (Polya, 1945/1973). Indeed, metacognitive 
performance is one of the distinguishing characteristics of high achievers (Borkowski & Kurtz, 
1984).  Because gifted children are often able to complete easy tasks rapidly, there is little 
opportunity for reflection and the development of metacognition (Hembree & Marsh, 1993), and 
hence, there is a need to assist them to develop this knowledge. 
 
Gifted students crave challenging tasks (Stanley, 1991) and report boredom and frustration with 
typical classroom tasks (Feldhusen & Kroll, 1991; Galbraith, 1985; House, 1987). Solving 
challenging tasks can enhance motivation (Lupkowski-Shoplik & Assouline, 1994).  When students 
are engaged in tasks they find interesting and are intrinsically motivated they exhibit a range of 
pedagogically desirable behaviors.  These include persistence, more elaborative processing, the 
monitoring of comprehension, a preference for more difficult tasks, greater creativity, and a 
willingness to take risks (Middleton & Spanias, 1999).  Thus, challenging tasks facilitate the 
development of self-directedness in learning, one of the goals of gifted education, by capitalizing on 
students’ cognitive and metacognitive abilities, and motivation (Betts & Neihart, 1986). 
 
Groupwork and Learning 
Cooperative grouping is a commonly endorsed practice in elementary classrooms (e.g., Brown & 
Championed, 1994).  While cooperative strategies enhance learning for most students (Johnson & 
Johnson, 1987; Slavin, 1991), the advantages for gifted students are limited to opportunities to 
explain concepts and to develop socially (Slavin, 1990).  Given the limited potential for learning, it 
is hardly surprising that gifted students prefer not to work cooperatively, especially in mathematics 
(Robinson, 1997).  Gifted students are also frustrated in cooperative situations with the perceived 
injustice of carrying an instructional workload and explaining ideas to peers who might be 
uninterested (Robinson, 1997).  Such frustrations and concerns may lead to group domination or 
passivity to avoid exploitation.  Blumenfeld et al. (1996) argue that effective group work requires a 
consideration of “norms, tasks, help giving and seeking, and group composition” (p. 38) and identify 
a range of concerns that need to be addressed to optimize cooperative learning situations (see Table 
1). 
 
Table 1.  Identified concerns with group work 
 
Benbow (1998) proposes that “grouping” only provides gifted children with advantages for learning 
when the level of work is appropriate.  Challenging tasks require students to go beyond social 
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cooperation and engage in collaborative problem solving and knowledge construction.   Thus, 
working collaboratively is more demanding of the group members than working cooperatively 
because in collaborative enterprise, learners are required to “build communal knowledge through 
conversation” (Blumenfeld et al., 1996, p. 39).  Collaboration has three distinct advantages for gifted 
students related to learning, enculturation into the discipline, and motivation. 
 
Individuals facilitate each other’s learning through shared dialogue and negotiation when they co-
construct meaning of events and ideas (Bereiter, 1994; Bereiter & Scardarmalia, 1992; Brown & 
Campione, 1990; Bruner & Haste, 1987; Collins, Brown, & Newman, 1989; Lipman, 1988; 
Vygotsky, 1962, 1978).  Collaboration facilitates the development of a communal knowledge base, 
and thus provides access to expertise (Brown & Campione, 1994), which has benefits for students in 
terms of thinking and learning (Perkins, 1993; Webb & Palincsar, 1996).  Additionally, ideas are 
also shared when individuals argue and debate to clarify points and establish a common meaning 
(Kuhn, 1993).  Furthermore, ideas can be seeded into the environment by the teacher or another 
student (Brown & Campione, 1994; Slavin, 1996).  Students appropriate ideas and the community 
provides an environment for ideas to migrate between students (Brown & Campione, 1994).  When 
a student appropriates the ideas, language and methods introduced by another, the knowledge base 
of the learner develops (Brown & Campione, 1994).  Of course, a student’s new ideas should be 
checked for accuracy within the domain because changes can occur to an idea during the 
appropriation process due to personal interpretation (Rogoff, 1995).   
 
Collaborative problem solving of challenging tasks represents an authentic cultural context for 
engaging in the practices of a discipline.  Bereiter (1994) advocates that discipline-based education 
should involve “a kind of enculturation that must go on if a student is eventually to become an 
insider, a participant in a discipline, rather than someone viewing the disciplines entirely from the 
outside” (p. 22).  Through collaboration, students can engage in authentic problem solving practices, 
such as making conjectures, argumentation and validating solutions (Artzt & Yaloz-Femia, 1999).  
Reasoning in argumentation extends beyond the exchange of ideas to a way of testing ideas 
critically (Toulmin, Rieke, & Janik, 1984).  Thus, the learning of mathematics involves a process of 
forming communities with distinctive discursive practices (Whitin & Whitin, 1999) in which 
students are taught to think like experts (Collins et al., 1989).  
 
Working collaboratively on challenging tasks may overcome the boredom and frustration that gifted 
students’ experience with typical classroom tasks (e.g., Galbraith, 1985).  When classroom activities 
lack interesting challenges, gifted students can experience apathy and boredom leading to non-
productive excitement seeking activities.  Optimal motivation involves a balance of fun and serious 
activities (e.g., Rea, 2000).  For example, socializing with friends provides fun motivation whereas 
academic work produces serious motivation.  However, as group work can provide the context for 
social engagement, challenging tasks undertaken in a socializing environment should contribute to 
the optimization of motivation towards academic work.  Additionally, groupwork has a motivational 
advantage in that students have first-hand experiences of peers encountering and overcoming 
difficulties in problem solving (Schoenfeld, 1983).   
 
In order to capitalize on the advantages of collaboration related to learning, enculturation and 
motivation we explored gifted students’ preferences for collaboration in solving problems. 
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METHOD 
Design 
An exploratory case study design (Yin, 1994) was used to investigate the patterns of collaboration of 
mathematically gifted children by monitoring their preferred ways of working on tasks that ranged 
in complexity.  A group of students was engaged in a 65-minute problem solving session facilitated 
by one of us (CMD).  The other researcher (JJW) assumed the role of non-participant critical 
observer.  The study was conducted at the school in a quiet room set up as a classroom.   
 
Participants 
The participants in this study were six mathematically gifted students aged 11-12 years.  These 
students were selected on the basis of three criteria:  First they performed in the top ten percent of 
their age peers on researcher-administered tests of number and novel problem solving.  Second, their 
teachers identified them as consistently being among the top classroom performers in mathematics. 
This identification was supported by descriptive profiles of the students provided by the teachers. 
Third, each student was nominated by his or her peers as one of the three most capable mathematics 
students in the class.  These multiple indicators of high mathematical performance provided strong 
evidence to conclude that these students were mathematically gifted.  The group comprised four 
boys (Brett, David, Daniel, Jacob) and two girls (Lisa, Rachel) selected from four mixed-ability 
classes in an academically well-regarded elementary school.  The students had not previously 
worked together as a group but knew each other through extra-curricular activities.  
 
Problem-solving Session 
During the problem solving session, the students were presented with four problems about Time that 
were anticipated to vary in level of difficulty (see Table 2).  Problems 1 and 2 were obtained from 
the local curriculum documents for Years 6 (approximately 11 year-olds) and 7 (approximately 12 
year-olds) respectively.  Problem 3 was identified on a web site for mathematical enrichment for 
elementary students and Problem 4 had previously been found to be challenging for elementary 
teacher education students.  The students were expected to use a prepared “task page” to complete 
problems, to write reflections about the difficulty of the task and to record their commencing and 
finishing times for each task. 
 
Table 2.  Four problem solving tasks of varying difficulty 
 
There were three phases in the session: the Preparatory Phase, the Problem-solving Phase and the 
Community-oriented Phase.   
 
During the Preparatory Phase, the students participated in a 15-minute teacher-led oral session 
during which they were presented with twenty questions and riddles about time. For example, “Why 
shouldn’t you tell secrets to a clock?  (Because time will always tell)” and “Why did the girl keep 
her watch in the piggy bank?  (She wanted to save time)”.  The purpose of this phase was to focus 
students’ attention on the concept of Time, and to provide an opportunity for students, who were 
from different classes, to work together.  Riddles about time were included to encourage students to 
think laterally and explain their thinking, and to create a relaxed atmosphere.  This phase achieved 
its purpose and is not discussed further. 
 
The purpose of the Problem-solving Phase was to investigate students’ preferred ways of working 
on tasks that varied in difficulty.  To explicate these preferred ways of working, four labeled areas 
with distinct purposes were set up in the classroom (see Figure 1).  The Quiet Zone was for silent 
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and independent work.  The Work Zone provided a place to work beside someone, where there was 
opportunity for brief conversation about a task. The Chat Zone was specifically designed for 
discussion about a task.  At this zone, there was opportunity for articulation of ideas, argumentation 
and collaboration.  The purpose of the Teacher Zone was twofold.  First, the teacher was available 
for assistance with the tasks.  To make students’ requests for assistance less obvious to their peers, 
the second purpose of this zone was to house a variety of resources, including calculators, clocks, 
and stationary items that may have been needed during problem solving. 
 
 
Figure 1.  Zones in the Classroom. 
 
At the beginning of this phase, the students were presented with the four problems (see Table 2).  
The students worked on the problems at their own pace and reconvened to discuss the tasks about 30 
minutes later after they had an opportunity to explore all tasks.  The students were told that they 
could work on the problems independently or with a partner or in a small group, and that they 
should move to the zone that suited the way they preferred to work on a particular task or part of a 
task.   
 
During the Community-oriented Phase, the students reassembled as a group to discuss their 
solutions to the four problems, reconcile differences in solutions, and comment on the difficulty of 
these problems.  This phase lasted approximately 20 minutes. 
 
Data Sources and Analysis 
In this paper, we use task difficulty, students’ use of zones and students’ performance on the task to 
understand the relationship between tasks and gifted students’ preferred ways of working.  
Observational and artifactual data were collected.  The observational data included students’ 
dialogue and problem-solving behavior, their class work, and their movement about the room during 
the Problem-solving Phase.  These data were captured by three strategically positioned video 
cameras that were able to record all activity in the room.  These data allowed us to construct maps 
showing how students used various zones.  The video data, which also included dialogue among 
students, were transcribed and analyzed to ascertain students’ perceptions of task difficulty.  Each 
zone also had audiocassette recorders to supplement the recording of conversations.  The artifactual 
data consisted of students’ task pages, which provided evidence of task difficulty and students’ 
performance on these tasks.  These data were used to establish trails of documentation about 
students’ cognition during problem solving, and their perception of the difficulty of the various 
tasks. 
 
Data on task difficulty were analyzed as follows.  Each student was presented with a task on a single 
page that included space for a comment on the difficulty of the task.  Additionally, at the end of the 
exercise they were asked to identify with reasons, their favorite task and to comment on its 
difficulty.  Individual responses were collated and examined to identify patterns such as the relative 
difficulty of each task and problem preferences.  Students’ frequency of use of various zones and 
behavior in the zones were established from the video data that depicted each individual’s 
movement around the room during the Problem-solving Phase.  Task performance was analyzed 
from students’ individual attempts which were recorded on the task page and captured on video, and 
from the group discussion of the tasks and their solutions. 
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RESULTS  
The results are presented in three sections: (1) Task Difficulty; (2) Students’ Use of the Zones; and 
(3) Students’ Performance on the Tasks.   
 
1. Task Difficulty 
The four tasks were presented to the students in order of their anticipated task difficulty beginning 
with the easiest task.  Observations of the students’ problem solving performance and their post-
solution reflections confirmed that Problem 1 (Alarm Clock) was the easiest problem, followed by 
Problem 2 (Working Time).  However, all students reported that Problem 3 (Power Outage) was a 
more difficult task than Problem 4 (Church Clock).  For example, David commented: “This problem 
(Problem 3) was more difficult than problems 1 and 2 … Very hard indeed.” and “This (Problem 4) 
was hard but not as hard as the last answer (Problem 3).”  Thus, the order of difficulty for the tasks 
beginning with the easiest problem was Problem 1, 2, 4, and 3.  Henceforth, Problem 3 is annotated 
with an * to identify it as the most difficult task.  Students’ performance on each of these tasks is 
discussed shortly.   
 
Despite the difficulty of Problem 3* and 4, at the conclusion of the session, all students identified 
one or other of these problems as their favorite.  Four students favored Problem 3*.  For example, 
Daniel commented that Problem 3* was “My favorite because it was hard”.  The remaining two 
students preferred Problem 4.  David and Brett commented respectively that it was: (My) “Favorite, 
good problem” and “I liked this a lot”.  David’s comments on Problem 3* suggest that Problem 3* 
was very challenging for him: “Very hard, don’t give me one like that again.  Although challenging 
(sic)”.  However, David’s experience provided an opportunity to learn about his own thinking and 
develop metacognitive skills.  Initially, he reflected on his strategy in Problem 3: “All the times 
helped.  First I got the present time, then the time it had been running.  Then I got the time (that) 
helped me work out the time (when) the electricity went out.”  Subsequently, after the group 
discussion about other students’ strategies, he commented:  “Now I see a better way to work it out.” 
 
2. Students’ Use of the Zones  
The students utilized the various zones appropriately.  At the Quiet Zone, students worked in 
silence, and at the Chat Zone, students interacted animatedly with peers.  Students also conversed 
with peers at the Work Zone; however, these interactions were limited to an occasional comment.  
At the Teacher Zone, students sought assistance or collected resources.  Interactions with the teacher 
were generally brief.  Some students interacted directly with the teacher while others were more 
passive and simply “eavesdropped” on conversations between the teacher and other students. 
 
Figure 2 shows the zones students visited as they attempted each of the problems.  The letters 
indicate the order in which the students visited each of the zones for a particular problem.  For 
example, the letters “a”, “b” and “c” on Problem 3 indicate that Lisa visited the Work, Quiet and 
Teacher Zones respectively.  However she did not visit the Chat Zone.  If only one letter is shown, 
as in Problem 1 for Lisa, then that was the only zone visited.  Some students visited and revisited 
zones.  For example, on Problem 4, Lisa moved back and forth between the Quiet Zone (a,c,e), and 
the Teacher Zone (b,f), and then moved between the Chat Zone (g,i) and the Teacher Zone (h).  
Whereas, Lisa visited each of the four zones during the session, the remaining students visited only 
three of the four zones.  Rachel, Brett and Daniel did not visit the Quiet Zone, and Daniel and Jacob 
did not visit the Work Zone.   
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Figure 2.  Students’ preferred ways of working 
 
 
The total number of students who visited particular zones at least once on each of the problems is 
shown in the final column on Figure 2.  For example, on Problem 3, four students visited the Work, 
Teacher and Chat Zones at least once, and one student visited the Quiet Zone at least once.  This 
column indicates that the students’ preferred ways of working varied according to the task.  For 
example, whereas students did not use the Teacher and Chat Zones on Problems 1 and 2, all students 
used these zones on Problem 4.   
 
The vertical dotted lines on Figure 2 separate students who had worked together in pairs on an 
earlier aspect of this study.  These dyads comprised students who (1) were members of the same 
class group, (2) had similar mathematical ability, and (3) were friends.  On earlier interviews, the 
level of cooperation varied within the dyads.  Daniel and Jacob generally worked cooperatively.  
Lisa and Rachel variously worked cooperatively and independently.  In contrast, Brett and David 
were a somewhat dysfunctional dyad, in which Brett either overruled or ignored David’s viewpoint, 
which resulted in frustration for David and situations of conflict.  Whilst, it is plausible that the 
similarities within dyads’ preferred ways of working (see Figure 2) could be attributed to a 
preference for working with their partner, previous observations of these students over time suggest 
that this explanation is too simplistic.  At various times, each participant assumed a strong 
leadership role in mathematical problem solving, voiced their disagreement with their partner’s 
solution path, and proceeded independently.  Hence, it seems unlikely that any of these students 
would have worked in a way with which they disagreed.  As shown on Figure 2, there are 
similarities in the zones and in the sequence of zones visited by the pairs Daniel and Jacob, and Brett 
and David.  However while Daniel and Jacob visited particular zones similar numbers of times, 
there are considerable differences in the number of times Brett and Daniel visited the same zones.  
Brett changed his preferred way of working more frequently than David.  Lisa and Rachel’s 
preferences differ substantively.  Lisa’s preference for using the Quiet Zone for more challenging 
problems was not shared by Rachel.  Thus, students differed in both their preference for working in 
particular ways and their preference for changing their ways of working during a problem.  
 
3. Students’ Performance on the Tasks 
There are substantive differences between students’ performances and preferred ways of working on 
Problems 1 and 2, and Problems 3 and 4.  As indicated earlier, Problems 1 and 2 were selected as at 
grade or near grade level problems, whereas Problems 3 and 4 were selected as above grade level 
problems. 
 
Problems 1 and 2 
All students completed Problems 1 and 2 rapidly and successfully.  Students used one of two 
strategies in their solutions.  For example, in both problems Rachel used a simple one-by-one 
counting strategy whereas Daniel used arithmetical strategies that involved either simple addition or 
subtraction (See Figure 3).  On Problem 1, four students used counting strategies and the other two 
students used arithmetic strategies.  Five of the six students used the same strategy on Problems 1 
and 2 with the exception of Jacob. He used a counting strategy on Problem 1 and the more efficient 
arithmetical strategy on Problem 2.  On these problems, students preferred to work either in the 
Work Zone or the Quiet Zone (see Figure 2).  During the Problem-solving Phase, none of the 
students requested, nor required, teacher assistance on these tasks.  During the Community-oriented 
Phase, the students agreed on the answers and there was minimal discussion of the solutions.   
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Insert Figure 3.  Strategy use in Problems 1 and 2. 
 
Problems 3* and 4  
While Problems 1 and 2 provided no challenge for these students, Problems 3* and 4 were more 
difficult.  During the Problem-solving Phase, students spent longer on these latter tasks and were 
less successful than on Problems 1 and 2.  Also, there was a change in students’ preferred ways of 
working (See Figure 2).  On Problems 3* and 4, students visited the Chat Zone and the Teacher 
Zone, which they had not visited for earlier problems.  Additionally, during the Community-oriented 
Phase, there was increased interaction among students, and between students and the teacher.  
Problems 3* and 4 are discussed in turn.   
 
Problem 3* 
During the Problem-solving Phase, four students each visited the Working Zone, the Teacher Zone 
and the Chat Zone and one student visited the Quiet Zone (See Figure 2).  Although all students 
reached a solution during the Problem-solving Phase, only Rachel was successful in solving the 
problem independently (See Figure 4).  She used a multi-step arithmetical strategy.  Although Lisa 
also used this strategy, she was only partially successful (See Figure 4).  Examples of other 
unsuccessful strategies were David’s use of a counting strategy and Daniel’s use of a mental strategy 
(See Figure 4).  While both these strategies may have been successful, they would not be 
recommended strategies.  The counting strategy is very tedious and the mental strategy imposes a 
considerable memory load.  
 
 Insert Figure 4.  Examples of successful and unsuccessful solutions to Problem 3. 
 
During their initial solution of this problem, the students did not appear to find it particularly 
difficult and all students reached a solution.  Students’ visits to the Teacher Zone were primarily to 
check the exact time to record on their booklets or to show the teacher their completed solutions.  
However the difficulty of this problem emerged during the Community-oriented Phase.  This phase 
commenced with the teacher recording all the different answers on the whiteboard and asking the 
students how they could work out which answer was correct.  During the ensuing five minutes, Lisa, 
Jacob and Brett presented their solutions at the whiteboard and identified errors in each other’s 
solution processes.  While the other students listened to this exchange, they were not active 
participants at this point.  The teacher then invited Rachel to present her solution. Despite the 
soundness of Rachel’s solution, other students disagreed with parts of her solution process and it 
became evident that there was some confusion about particular aspects of the problem, such as what 
happened to the time on the electric clock when the electricity supply returned to normal.  When the 
students could not proceed further without support, the teacher refocused their attention on the 
problem and recorded the known information on the whiteboard.  This support enabled the students 
to identify the next step in the solution process.  The subsequent discussion lasted a further 10 
minutes with all students variously involved explaining their viewpoints, responding to others’ 
criticism, and refining their ideas.  Throughout this discussion, the teacher provided support by 
facilitating the discussion and focusing their attention on the next step in the solution process. 
 
As a consequence of the discussion, the students came to appreciate the complexity of the problem.  
For example, at one point during the discussion, Lisa stated that the “Question (Problem 3) isn’t 
clear enough”.  However after the discussion, Lisa’s written reflection suggests that her engagement 
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with the problem had resulted in enhanced understanding: “In this problem you have to use more 
than one source of information to work out the answer.  After the solution was found it was easier to 
understand the actual problem.”  Rachel’s reflection also linked “ease” in thinking to the level of 
cognitive engagement: “Once you got into it, it was easy”.  Students also commented on how the 
discussion increased their level of interest in the task and improved their thinking, for example 
Daniel stated: “The solution makes this question more interesting”. 
 
Problem 4 (Church Clock) 
Problem 4 was the only problem in which all students visited the Teacher and Chat Zones.  Students 
visited the Teacher Zone to seek clarification, such as for the term “interval”, and to collect clock-
faces.  All students who collected resources also sought or required assistance.  One way that the 
teacher scaffolded students’ problem solving was to encourage them to think carefully about the 
particular positions of the hands on a clock-face.  She highlighted the position of the hands relative 
to each other by asking “Which way do these (clock hands) have to be positioned?”.  Additionally, 
she drew students’ attention to inappropriate representations of time by positioning the hands 
inappropriately on a clock-face and asking “Is that a time?” (See Figure 5 left-hand side).  Some 
“times” that can be physically represented on a non-geared clock-face do not correspond to an actual 
time.  The time shown on the clock on the left-hand side of Figure 5 does not adequately represent 
3:30 because the hour hand is not correctly positioned halfway between the numerals 3 and 4, as in 
the clock on the right-hand side of the figure.   
 
Insert Figure 5.  Incorrect and correct representations of 3:30. 
 
The teacher’s scaffolding resulted in students reflecting on and revising their answers.  For example, 
after the teacher drew Lisa’s attention to salient components of the problem, through questions such 
as “How much time is each (interval) worth (in minutes)?”, Lisa discarded her incorrect solutions 
and reached the correct solution of 7:36, as shown in her drawn solutions (See Figure 6).  Her 
incorrect solutions of 2:00 and 11:57 showed a lack of understanding of the term “interval” and the 
time between each interval respectively.  Lisa was the first student to reach the correct answer 
during the Problem-solving Phase.  Although she was not informed that her answer was indeed 
correct, Lisa returned to the Chat Zone and began challenging other students’ assumptions.  Due to 
timetable constraints, some students had limited time on this problem before the commencement of 
the Community-oriented Phase in which each of the problems was discussed in turn.   
 
Insert Figure 6.  A series of answers for Problem 4. 
 
In contrast to the teacher-initiated discussion of Problem 3*, the group spontaneously began 
discussing their answers to Problem 4 while the teacher was cleaning their previous discussion from 
the whiteboard.  Lisa played a key role in this discussion.  There were two points of dispute within 
the group, namely, which of a number of answers was correct and whether or not there could be 
more than one answer.  After all the students had given their answers, there was an animated 
discussion, which involved all students except David, who merely observed.  The participating 
students explained and commented on solutions, challenged each other to explain their solutions and 
indicated their agreement or disagreement with the ideas presented.  This vigorous group discussion 
took only two minutes but by the time the teacher joined the group Daniel informed her of a single 
answer on which all students now agreed.  Changes in students’ answers occurred during this 
discussion, and while they were at the Chat Zone (See Figure 7).   
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Insert Figure 7.  Changes in students’ answers. 
 
To stimulate the discussion and to further challenge students’ ideas that there may be multiple 
solutions to the problem, the teacher proposed an alternative answer.  Lisa quickly disputed the 
possibility of another answer reasoning correctly that the position of the hands relative to each other 
would be incorrect.  The other five students did not immediately support Lisa’s stance but tested the 
alternative solution on their clock-faces.  Despite their earlier united stance that there was only one 
correct answer, some students were now uncertain about the possibility of another solution.  The 
difficulty appeared to be the actual positioning of the hands on the clock-face.  The teacher 
supported the students’ thinking about the alternative solution by first returning to the group’s 
agreed answer which all students had represented either on a clock-face or by drawing.  At the 
teacher’s invitation, Daniel drew the group’s solution on the whiteboard and explained the solution 
with assistance from Jacob and David.  David then drew the new solution proposed by the teacher 
and Brett explained why the solution was incorrect.  Ultimately, all members of the group correctly 
rejected the teacher’s alternative “solution”.    
 
Students’ written reflections following the Community-oriented Phase revealed both congruence 
and incongruence between the views that they expressed in the group and their privately held views.  
For example, Rachel’s reflection that “There can’t be another solution” was consistent with her 
stance during groupwork.  However, Daniel’s reflection that “7:36 may not be the only answer.  
There’ve (sic) probably could be another answer” was inconsistent with his agreement with his 
peers that there was only one answer to the problem.  The students’ reflections also revealed the 
importance of the socio-cultural environment in problem solving, in particular scaffolding and 
collaborative groupwork respectively: “This one was difficult until I got a little prompting” (Daniel) 
and “A bit strange but we got it” (Jacob). 
 
Discussion 
The cognitive, metacognitive, and affective benefits of collaboration are widely acknowledged.  
However, the results of this study suggest that task difficulty is central to any discussion on 
collaboration because gifted students’ preferred ways of working alter according to the difficulty of 
the task, and only some of these ways of working are conducive to collaboration.  
 
The use of particular zones in the classroom was an effective way to gain insight into students’ 
preferred ways of working.  Students’ tendencies to visit or not visit particular zones for tasks of 
varying difficulty support the conjecture that the difficulty of a task influences their preferred ways 
of working.  These gifted students preferred minimal interaction with others when they worked on at 
or near grade level tasks and they were independently successful on these tasks.  Thus, requiring 
students to interact on unchallenging tasks is a contrived rather than authentic learning experience, 
and as such, supports socialization rather than high-level cognitive engagement.  However, on 
challenging tasks, students sought interaction with peers or the teacher and the majority of students 
required some form of support to complete these tasks successfully.  Thus, students’ preferred ways 
of working could be considered as self-knowledge about the most effective way of successfully 
completing a task.   
 
Conclusion 
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When the tasks were appropriately challenging, collaboration had cognitive, metacognitive and 
affective benefits for students.  A community approach enabled students to work at a higher 
cognitive level collaboratively than independently.  They received critical feedback on their own 
thinking and they built upon each other’s thinking.  Students also evaluated and argued about others’ 
solutions, including the teacher’s approach.  Analyzing and discussing their own problem solving 
strategies and observing others solve problems contributed to the development of metacognition.  
Collaboration provided students with a supportive learning environment in which there was practical 
and affective support to assist them in overcoming obstacles within a task.  Furthermore, the 
observation of peers overcoming difficulties facilitates the development of confidence and a sense of 
self-efficacy.  Clearly, the students enjoyed the experience.   
 
The investigation of task difficulty and the preferred ways of working provided an insight into the 
nature of the collaboration.  Task collaboration comprised strategic ways of working and 
membership of a support system.  Strategic working involves a two-way interaction that is 
characterized by shared cognition through the mutual exchange of knowledge, and feedback on, and 
discussion of solution strategies.  Membership of a support system was primarily a one-way 
interaction where either the teacher or a student provided another student with some form of support 
to overcome an obstacle to the solution.  Some students had an almost intuitive understanding of 
obstructions to another student’s solution.  Students variously assumed the roles of receiver of 
scaffolding and provider of scaffolding.  The rapidity of some students’ movement from the role of 
receiver of scaffolding to provider of scaffolding is indicative of the rapid learning of gifted students 
and their interest in knowledge construction.  As task collaboration was goal oriented, it typically 
involved only two or three students and was essentially a collegial process.  Capitalizing on this 
support system provides teachers with an effective, but time-efficient way of supporting task 
collaboration and developing self-directedness. 
 
Situational collaboration is a community-oriented process that involves reconciliation of various 
solutions to a problem.  During this process of solution reconciliation, the students variously 
demonstrated the internal consistency of their solution, identified flaws in others’ solutions, and 
evaluated alternative solutions.  Situational collaboration was both structured and spontaneous.  
Structured collaboration occurred when the teacher assumed the role of a chairperson and modeled, 
scaffolded and guided this reconciliation process within the community.  This may involve the 
teacher scaffolding social as well as cognitive interactions (Diezmann & Watters, 2000a).  
Spontaneous collaboration occurred when students sought to reconcile differences without the 
presence of the teacher.  This process proceeded in a similar way to structured collaboration but in 
the absence of the teacher as chairperson, the students assumed more responsibility for their role 
within the community.   
 
Implications 
While gifted students can benefit from collaboration, grouping like-minded peers together is only 
the first step towards effective collaboration.  Importantly, the tasks must be sufficiently challenging 
to provide opportunities for the high level cognition that is essential for both task and situational 
collaboration.  Tasks that are insufficiently challenging require no strategic working because there 
are no obstacles; no support system because scaffolding is not warranted; and whole group 
reconciliation is unnecessary because there are no solution differences to reconcile.  If a task is 
sufficiently difficult, students tend to seek interaction with someone who can provide either 
cognitive or affective support.  This person may be either peer or teacher.  However, tasks that 
students perceive as too difficult can evoke a negative affective response.  Thus, task selection for 
mathematically gifted students warrants careful consideration.   
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As the degree of difficulty of tasks is relative to the capability of an individual, teachers need to 
establish the threshold capability of gifted students.  This extends beyond knowing what students 
can do, to knowing what students cannot do, in order to establish worthwhile learning goals for 
individuals and to select appropriately challenging tasks.  To accommodate the range of student 
capabilities, teachers should develop a repertoire of tasks that vary in difficulty, or create their own 
tasks to the requisite difficulty level.  Teachers may also problematize an existing task (Diezmann & 
Watters, 2000b).  Problematizing a task involves increasing the cognitive challenge of the task by 
introducing obstacles or constraints to a problem, or requiring students to engage in novel solution 
processes, such as the use of a particular representation in the problem solution.   
 
This study has implications for teaching gifted students in both heterogeneous and homogeneous 
classes.  Often, typical classroom tasks present limited challenge for gifted students and hence, even 
in homogeneous groupings, there may be little incentive for students to work collaboratively or to 
learn about collaboration.  Key questions for teachers in planning and implementing programs are: 
“What is it about this problem that warrants task collaboration?” “What opportunity is there for 
situational collaboration?” and “What skills do students require to engage in task and situational 
collaboration?” Thus, there is a need for attention to task selection, opportunities for solution 
reconciliation, and the development of the necessary social skills for effective community 
participation.  There is also a need for teachers to provide gifted students with opportunities to 
become familiar with the various ways of working.   
 
This case study has provided an insight into the relationship between task difficulty, preferred ways 
of working and collaboration.  It provides stimulus for further research to explore the 
generalizability of the findings to alternative settings.  In particular, self-knowledge of preferred 
ways of working needs further investigation as it appears to be an important characteristic of 
giftedness.   
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Table 2.  Identified concerns with group work 
Students are not accustomed to working co-operatively or collaboratively in groups. 
Students usually are rewarded for individual effort in a competitive environment. 
Some students fail to contribute and engage in “social loafing”. 
High ability children may dominate groups. 
Group structures may intimidate some children, fail to challenge others and lead to rejection 
and underachievement. 
If tasks are menial and do not require collaboration there is little incentive to collaborate. 
Skills of discussion, argumentation and debate are not intrinsic and need to be learned. 
Giving and seeking help may be problematic and demand skilled support from the teacher who 
needs to be aware of, and respond to individual circumstances. 
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Table 3.  Four problem solving tasks of varying difficulty  
1. Alarm Clock: An alarm clock is set for 6:00 am.  At what time must Tina go to bed if she 
wants 8-hours sleep? (Department of Education, 1989a, p. 86). 
2. Working Time: If I begin work at 7:15 am and continue for 6 hours and 50 minutes, what 
time will I finish?  (Department of Education, 1989b, p. 75). 
3. Power Outage: One day while I was at school the electricity went out at home.  When I left 
for swim practice that morning, all the clocks were working and agreed that the time was 6:30.  
When I got home they all said different times.  The wind-up clock, which was unaffected by the 
electricity, read 5:21.  The analog electric clock stops running when you unplug it from the 
wall, and it starts up where it left off when you plug it back in.  The clock said it was 3:50.  My 
digital electric clock, which resets itself to midnight when the electricity goes out, flashes until 
you correct the time.  It was flashing 6:03am.  Assuming the electricity went out just once, what 
time did it go out, and how long was it off? (A Math Forum Project, 1999). 
4. Church Clock: The vicar glanced at the church clock and noticed the minute and the hour 
hands were pointing exactly to an interval on the clock.  However the hour hand was two 
intervals further on than the minute hand.  What was the time? (Adapted from Cooper, 1986, p. 
19). 
 
 
 18
 
 
Table 4.  Students’ preferred ways of working 
Problem Zones Lisa Rachel Brett David Daniel Jacob Total 
Work a a a a   4 
Quiet     a a 2 
Teacher       0 
1 
Chat       0 
Work a a a a   4 
Quiet     a a 2 
Teacher       0 
2 
Chat       0 
Work a a a,c,e a,c   4 
Quiet b      1 
Teacher c b d,f b,d   4 
3* 
Chat   b e a a 4 
Work  a,c a,c,e,g    2 
Quiet a,c,e      1 
Teacher b,d,f,h b,d,f b,d,f,h,j,l b b,d,f,h b,d,f 6 
4 
Chat g,i e,g i,k,m a,c a,c,e,g,i a,c,e,g 6 
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Teacher  Chat 
   
Quiet  Work 
Figure 1.  Zones in the Classroom. 
 
 
 
 Rachel: Counting strategies Daniel: Arithmetical strategies 
Problem 
1 
Problem 
2 
Figure 2.  Strategy use in Problems 1 and 2.   
 
 
Rachel Lisa 
  
David Daniel 
  
Figure 3.  Examples of successful and unsuccessful solutions to Problem 3. 
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Figure 4.  Incorrect and correct representations of 3:30. 
 
 
 
 
Lisa 
Figure 5.  A series of answers for Problem 4. 
 
 
Rachel Jacob 
  
Figure 6.  Changes in students’ answers. 
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